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The genus Zingiber is widely used in the world for its medicinal and biological properties [37] .
146
Among this genus, Z. officinale (ginger) is well known and mostly studied for its health benefits 147 [38, 39] .
148
As previously introduced, the color of Z. officinale EO varies from pale yellow to light amber and 149 the extraction yield ranges from 1.5 to 3% [40] . Different studies have documented their biological 150 properties such as antimicrobial, antioxidant, cytotoxic, insecticidal [41, 42] , anti-inflammatory effects
151
[39] as well as food preservative characteristics [43] .
152
These properties have been attributed to the chemical components of Z. officinale EO, mainly 153 consisting in monoterpene and sesquiterpene hydrocarbons (Fig. 1) [42] . The most abundant 154 compounds are α-zingiberene, responsible for the distinctive flavor and aroma, geranial, ar- 
165
Results showed that α-zingiberene was the most abundant compound found in all EOs studied 166 ranging from 17.4 to 25.4%, followed by ar-curcumene (14.1-16.4%), β-bisabolene (9.9-12.5%) and β-167 sesquiphellandrene (9.7-13.4%) [46] . These results are in accordance with those obtained from dried 168 ginger rhizome EO, showing that the major components were α-zingiberene (29.5%) and 169 sesquiphellandrene (18.4%) [50] . Again, α-zingiberene was reported as a major constituent (28.62%)
170
found in the fresh rhizome EO of Z. officinale, followed by camphene (9.32%), ar-curcumene (9.09%) 171 and β-phellandrene (7.97%) [45] .
172
A comparative chemical composition was conducted on fresh and dry rhizome EOs belonging 173 to Z. officinale cv. Nedumangadu. α-Zingiberene was the major compound found both in fresh and 174 dry ginger EOs (28.6 and 30.9%, respectively). Fresh ginger EO also contained geranial (8.5%), ar-175 curcumene (5.6%) and β-bisabolene (5.8%), whereas ar-curcumene (11%), β-bisabolene (7.2%), β-176 sesquiphellandrene (6.6%) and germacrene-D (4.2%) were present in the dry ginger EO. Fresh ginger
177
EO exhibited higher antibacterial activity due to the oxygenated compounds (29.2%) which are higher 178 than in dry ginger EO (14.4%) [51] .
179
Many Z. officinale cultivars were studied and compared for their EO composition. Seventeen 180 cultivars from north India were studied for their chemical composition and the major components 181 were camphene (8.49 ± 0.41%), neral (4.95 ± 0.34%), geranial (12.36 ± 0.46%), α-zingiberene (20.98 ± 182 2.34%) and β-sesquiphellandrene (7.9 6± 0.66%) [52] .
183
Three sub Himalayan ginger cultivars, namely Gorubathane, Shingboi and Thingria were 184 studied for their EO composition. Results showed that α-zingiberene (32.2%) and β-185 sesquiphellandrene (10.9%) were the major compounds in Gorubathane EO, whereas α-zingiberene
186
(12.58%) and ar-curcumene (9.89%) were mostly present in Thingria EO. However, geranial (20.07%)
187
and neral (9.44%) were the main constituents found in Shingboi EO [44] . 
203
Ginger EO rich in constituents such as β-sesquiphellandrene (27.16%), caryophyllene (15.29%),
204
α-zingiberene (13.97%), α-farnesene (10.52%) and ar-curcumene (6.62%) showed high antimicrobial 205 and antioxidant activities [28] . Z. officinale EO rich in ar-curcumene (59%), β-myrcene (14%), 1,8-cineol
206
(8%), citral (7.5%) and α-zingiberene (7.5%) exhibited high anti-inflammatory effects [54] . Ginger EO 207 containing geranial (25.9%), α-zingiberene (9.5%), (E,E)-α-farnesene (7.6%), neral (7.4%) and ar-208 curcumene (6.6%) as major components was an effective antibacterial and antifungal agent, as well 209 as a more powerful antioxidant than butylated hydroxyanisole (BHA) [27] . α-Zingiberene, a key 210 component of ginger EO, was found in low amount (1.64%) in the study conducted by Mesomo et al.
211
[37]. The main components were ar-curcumene (11.32%), geranial (10.66%) followed by camphene
212
(4.88%), β-bisabolene (4.45%) eucalyptol (3.14%), isobornyl formate (1.95%).
213
Apart from the common ginger (Z. officinalis), many wild and cultivated species of this genus 214 have been studied across the world and characterized for the beneficial phytochemicals present in 215 rhizome EO [54] .
216
The chemical composition of a species native to Thailand, Zingiber cassumunar Roxb., showed 217 that major compounds were sabinene (36.71-53.50%), γ-terpinene (5.27-7.25%), terpinen-4-ol (21.85- 
223
showed that 6,9,9-tetramethyl-2,6,10-cycloundecatrien-1-one (60.77%) and α-caryophyllene (23.92%)
224
were the most abundant components [57] .
225
The effects of the growing conditions, different cultivation areas and harvest time were studied 
338
Analgesic and antipyretic activities of ginger can be ascribed to 6-gingerol, as shown in rats [64] .
339
Injection of 10 µg of 6-gingerol into the rat spinal cord was found to be effective in ameliorating recovering from fainting and is also applied externally to the eyelids. In addition, the ginger powder 375 can also be used as a snuff. The dry ginger, in combination with dry rock salt, long pepper and black
376
pepper is powdered and then mixed with fresh ginger juice and used as a gargle, and for the 377 treatment of phlegmatic affections of the heart, head, neck, and chest. Moreover, the combination can 378 also exert remarkable effects against all types of severe fevers and their associated symptoms.
379
Other than its uses to treat human affections, ginger is used of in veterinary as a stimulant and 
383
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Ginger in the Chinese and Japanese Systems of Medicine

384
Ginger rhizome is an important drug in the Chinese and Japanese medicinal systems [98] . In
385
Chinese medicine, the fresh ginger (Rhizoma Zingiberis Recens) is used as an antiemetic, antitussive,
386
or expectorant, and is used to induce perspiration and dispel cold, whereas the dried ginger is used 387 for stomachache, vomiting, and diarrhea accompanied by cold extremities and faint pulse [105] . In
388
Chinese Materia Medica, Benskey and Gamble [105] cited that ginger has the ability to: i) release the 389 exterior and disperses cold -used for exterior cold patterns; ii) warm the middle burner and alleviates 
396
Ginger in the Unani System of Medicine
397
In the Unani system, ginger is used for its anthelmintic, aphrodisiac, carminative, digestive, and 398 sedative properties; in headache, lumbago, nervous diseases, pains, and rheumatism; and for 399 strengthening of memory [103] . Ginger is also used in veterinary medicine in horses and cattle for 400 rheumatic complaints, as an antispasmodic and a carminative in atonic indigestion [106, 107] .
402
Examples of Ginger Species and their Uses in Traditional Medicine
403
Ginger has been used as traditional medicine since ancient times. 
458
Z. zerumbet, also known as shampoo ginger and native to India, is found in many tropical 459 countries. The rhizome extracts of this species have been used to treat a diverse range of ailments.
460
For examples, the Hawaiians applied the fresh pounded rhizome as medicine for indigestion and 461 other ailments. Traditionally, the ground rhizomes, mixed with a ripe noni (Morinda citrifolia L.) fruit,
462
can be used to treat severe sprains while the pulp, placed in a cloth, can be loosely bound around the 463 injured area. The cooked and softened rhizome can also be used to treat toothache or caries by
464
pressing it into the hollow and left for as long as was needed, while the ground and strained rhizome 465 material is mixed with water and drunk to treat a stomachache [120] .
466
Other than that, the rhizome of Z. zerumbet has been generally cited to be used in the treatment 
493
A wealth of new technologies including high hydrostatic pressure, ionization radiation, and 494 bioactive packaging can reduce or eliminate the need for utilization of traditional food preservatives.
495
The major drawback of these technologies is associated with cost and feasibility of use in a range of 
504
As previously introduced, ginger is an important spice used throughout Asia and has gained 505 considerable global popularity as an ingredient in food due to its unique flavor. The flavor is derived 506 from both volatile and non-volatile compounds; these include gingerol, shogaol, and zingiberene.
507
Compounds important to antimicrobial activity include camphene, linalool, α-pinene, and borneol.
508
Antimicrobial activity of ginger essential oils has been evaluated against Aeromonas hydrophila, 
571
The research reported on the efficacy of ginger essential oil to inactivate and control microbial 593 594
